of low viability seeds. This tool has been used to germinate seeds of early maturing or 23
hybrid Prunus species. Myrobalan (Prunus cerasifera Ehrh.) is a widely used rootstock 24 for plum and apricot cultivars, and its interspecific hybrids have a clear potential for 25 breeding purposes. However, early seed abortion is often a problem in interspecific 26 crosses since no protocol has been established yet for myrobalan seeds. In this work, we 27 developed a procedure for in vitro germination of embryos of different sizes. Various 28 factors affecting embryo germination, such as the culture media, the presence of 29 cotyledons, the stratification temperature and the embryo size were tested in three 30 different myrobalan clones. The developed protocol includes the use of full embryos 31 that were stratified at 4ºC and cultured in C2d culture medium. The germination rate 32 was strongly affected by the embryo size and reached 90% germination with 33 intermediate-to large-sized embryos (6.5-10 mm). However, smaller embryos could 34 also be germinated, and up to 30% germination was achieved with 0.5-to 2-mm long 35 embryos. The results obtained here provide a protocol for in vitro germination of 36 myrobalan embryos that will likely be helpful in breeding programs. 37
38
Breeding programs in fruit trees are usually based on the introgression of genes 39 via interspecific distant crosses. These hybridizations produce aborted seeds because 40 their development is arrested at an early stage, therefore it is difficult for the seeds to 41 germinate with conventional methods. Low viability seeds also occur either when theembryos come from early maturing fruits where seeds do not reach mature stage or 43 when the embryos come from stenospermic seedless fruits, such as in grape varieties. In 44 all these cases embryo rescue has been successfully used to overcome the low viability 45 of these seeds (Ramming, 1990 Seeds were stratified in vitro at a low temperature until the roots emerged (2-3 97 months), as seen by regular monitoring. Two stratification temperatures, 0ºC and 4ºC, 98
were tested during the stratification period in the dark. The embryos were then placed in 99 a culture chamber at 24ºC with a photoperiod of 16 h and 35 µmol.m Neither the culture media nor the presence or absence of cotyledons showed 127 statistically significant differences in the embryo germination rate (Table 2) . 128
Germination in both media was very close and ranged from 85 to 89%. Likewise, 129 germination was also very similar for the three explant types and ranged from 84 to 130 90% (Table 2) . 131
Two different stratification temperatures, 0ºC and 4ºC, were tested prior to 132 germination in a culture chamber at 24ºC. Germination was highly influenced by the 133 stratification temperature. The temperature had a noticeable effect since only 26% of the 134 seeds germinated at 0ºC, but germination increased up to 82% at 4ºC. Effect of the embryo size. From the results of the previous experiments, the 139 following experimental conditions were chosen to study the effect of embryo size on 140 germination rate. Embryos with full cotyledons were cultured in C2d medium and were 141 stratified at 4 ºC. Since cross-pollinated fruits (F 1 ) were used, the seed size varied from 142 0.5 to 10 mm in the three myrobalan genotypes which represents from 5% to 100% of 143 final seed size. The embryos were more abundant in larger classes 4 and 5 (6.5 to 10 144 mm in length), although all categories were represented in the three genotypes (Table  145 1). 146
We achieved an overall germination rate of 81% of the seeds. Germination 147 increased with size, and the different genotypes had a similar trend (Figure 2A) . The 148 embryos sized between 6.5 and 10 mm in length reached a germination rate of 90% of 149 the seeds whereas the embryos sized between 4.5 and 6 mm (class 3) reached a 150 germination rate of 72% ( Figure 2B ). In addition, while an adequate germination rate of 151 50% was already achieved at a size of 2.5-4 mm in length ( Figure 2B ), effective 152 germination resulted even in aborted seeds from 0.5 to 2 mm in length (class 1), since a 153 percentage of 23% to 33% of the embryos grew into plants (Figure 2A) . 154
Within each F 1 genotype, there was a significant regression between 155 germination and the rank of the embryo size following a logistic regression analysis of 156 the transformed germination probabilities, indicating a direct effect of the embryo size 157 on germination, thus, logistic regression models explained between 72% and 88% of 158 the deviance found depending on the genotype, being highest when data were pooled 159 (94%) ( Figure 2B ). There were no significant differences in the germination rate between 160 the genotypes for each embryo size, except in size class 4 (6.5-8 mm), where Myrobalan 161 3-F 1 displayed a significantly higher rate than Myrobalan 1-F 1 and Myrobalan 2-F 1 . The 162 genotypes 1 and 2 did not show any significant differences between them (Figure 2A) . 163 164 Discussion 165
We achieved an adequate and elevated in vitro germination rate of myrobalan 166 embryos by using a set of culture conditions defined in our protocol. The proposedprotocol for in vitro myrobalan embryo culturing includes the use of whole embryos 168 cultured on Chée and Pool medium (C2d), their stratification at 4ºC and posterior 169 growth in a chamber at 24ºC. Additionally, in this work, we have confirmed a strong 170 influence of embryo size on the germination rate of myrobalan. 171
Two different culture media were tested here and showed no differences in 172 embryo germination for myrobalan. Although the Chée and Pool (1987) culture medium 173 has been recommended for the plum embryos (Emershad and Ramming, 1994) , in this 174 work we found that both the Chée and Pool medium and the Murashige and Skoog 175 medium work well for myrobalan. Growth regulators were not used since they are not a 176 requirement when the embryo has already reached a particular size or an autotrophic 177 stage (Raghavan, 2003) . In our case, germination at a lower rate was reached even in 178 small-sized embryos (0.5-2 mm in length) without growth regulators. 
